Membrane structure at synaptic junctions in area CA1 of the rat hippocampus.
In tissue from area CA1 of the rat hippocampus prepared for electron microscopic study by thin-sectioning, asymmetric synaptic junctions were found on dendritic spines, spiny dendritic shafts, and non-spiny dendritic shafts. In freeze-fractured preparations, aggregates of large particles were found on the extracellular half of the postsynaptic membrane at each of these synaptic junctions. Particle aggregate areas were measured and particle packing densities were computed at dendritic spine synapses and dendritic shaft synapses in area CA1, and compared to similar measures of particle aggregates on dendritic spines of cerebellar Purkinje cells. All of these CA1 and cerebellar synapses are excitatory and are thought to use glutamate as a neurotransmitter. There was a tendency for the dispersion of particles within individual aggregates to be less uniform in larger aggregates in both area CA1 and cerebellar cortex. Distinct particle-free zones could be distinguished in the center of particle aggregates on large "mushroom-shaped" spines in area CA1. There was no statistically significant difference between the particle densities at CA1 dendritic spines (2848 +/- 863 particles/micron2) and CA1 dendritic shafts (2707 +/- 718 particles/micron2). However, the average density of particles at cerebellar dendritic spine synapses (3614 +/- 1081 particles/micron2) was significantly greater than at dendritic spine or shaft synapses found in area CA1. Symmetric synaptic junctions were observed on the CA1 pyramidal cell somas and dendritic shafts in thin-sectioned preparations. These synapses typically exert an inhibitory action mediated by gamma-aminobutyric acid. In freeze-fracture preparations, large varicosities were found apposed to the pyramidal somal and dendritic membranes, but there were no specializations of particle distribution on either the extracellular or the cytoplasmic half of the fractured postsynaptic membranes. This finding parallels observations from freeze-fracture preparations of other GABAergic synapses in the central nervous system.